INCLUDED among the sixty female cases recorded in Dr. Kojima's detailed account of the condition of the ductless glands are three in which I have investigated the condition of the central nervous system, with a view to seeing if the microscopic changes are essentially similar to changes which I have previously described in conjunction with Dr.
Brun, and published in the Proceedings of the Royal Society of Medicine, Section of Psychiatry, 1913, vi, pp. 75-100. The three cases already recorded occurred in women of middle age, and the three I am about to refer to occurred also in women about the climacterium. The complete clinical notes of the cases are given by Dr. Kojima on pp. 38-50. An attempt will be made to correlate the psychic syndrome with the cortical changes observed in these cases.
MICROSCOPIC CHANGES IN THE CENTRAL NERVOUS SYSTEM.
The brains were hardened in formalin; sections of 5 ,u were cut from blocks embedded in paraffin and stained by the Nissl method; other sections were stained by Ranke's Victorian blue method. Briefly stated, the changes observed were similar in character to those already described by Dr. Brun and myself.
There is a universal chromatolytic change in the cells of the central nervous system, sparing no system or group of neurones entirely. The changes were very marked in the bulb, especially affected were the smaller cells of the autonomic nuclei-e.g., the vagus and glossopharyngeal. In the cerebellum the Purkinje cells show less chromatolysis than the large motor cells of the medulla oblongata, spinal cord and Betz cells, and there is no increase of the glia tissue (vide figs. 2, 5, and 6). These three asylum cases exhibited much more marked changes in the cells of the cortex than the two hospital cases previously described, and more than the asylum case McC., previously recorded. This latter case showed less pronounced mental symptoms than the three cases recently investigated, consequently it is not surprising to find that in the cortex of the cases now to be considered there were found more extensive cell changes of the cortex. An attempt will now, be made to show a correlation of the mental symptoms with the changes found in the cortex. Unfortunately, the notes do not permit correlation of the changes in the bulb with the symptoms indicative of affection of the autonomic nuclei as in the hospital cases. StiMl, the main object of this communication is to show that there is a type of insanity occurring in women about the climacterium, in which a manic-depressive condition, associated with mental confusion, hallucinations, delusions mainly of persecution, loss of memory of recent events, and terminating in dementia, may arise as a result of a particular form of hypothyroidism. This hypothyroidism is characterised (1) by an atrophy of the glandular structure of the thyroid, interstitial fibrous hyperplasia and abundant infiltration of the same with lymphocytes; a condition of chronic inflammation arising from a toxic condition, probably local in its source, as the adjacent parathyroids show no such change.
(2) By an increase in weight of the pituitary gland, and usually abundant colloid in the pars intermedia, which may be regarded as evidence of thyroid insufficiency. All four asylum cases of hypothyroidism in which the pituitary body was examined showed increased size of the pituitary and excess of colloid.
As a control it may be stated that the characteristic perinuclear chromatolysis of the nerve cells found in these four cases was not discovered in two cases of simple atrophy of the thyroid gland-viz., Case IV, and the male alluded to on p. 56. Examination of the thyroid gland in these two cases showed still normal colloidal vesicles, and vesicles filled with epithelium or degenerated epithelium; and although there was an increase of the interstitial fibrous tissue, there was no lymphocytic infiltration indicative of a local toxic inflammation; neither was there any increase of weight of the pituitary, nor excess of colloid observed in section of this gland.
It is permissible, therefore, to correlate the changes in the nervous system with this particular form of hypothyroidism, in which the gland, as in Case I, has undergone a pseudo-hypertrophy, or Cases II and III, in which the gland is considerably below the average weight. The increase of colloid in the pituitary may be regarded as an index of the extreme degree of hypothyroidism, but further observations are required to settle this point. If the conclusion of Hering and Cushing be 59 accepted, that the colloid of the pituitary (pars intermedia) passes into the cerebrospinal fluid, then this excess may produce a functional disturbance of the nerve cells, or, as seems more probable, the thyroid insufficiency may be directly correlated with the deficiency of the basophile substance of the nerve cells. In the case of McK., previously described, Brun and I showed that the small posterior spinal ganglion cells were especially affected as well as those of the central nervous systein. In any future case that I may have the opportunity of examining I shall examine the sympathetic ganglia. 
CASE I, STAINED
All the cells of the pyramidal layer under a low power show a deficient basophile staining; the cells are stained a pale blue. Obviously the stain is paler in all' the cells around the nucleus-perinuclear chromatolysis. Many seem to have lost their apical processes, and no longer retain their pyramidal shape (vide fig. 1 ). There is still evidence of the existence of the columns of Meynert. Examination with an oil-immersion lens does not show a single normal cell. There is an obvious deficiency of basophile staining, especially around the nucleus; the edges of the cells are ragged; in many the processes are broken off. There are no Nissl blocks,Fonly a basophile staining dust seen generally at the periphery of the cell. The nucleolus is stained Eighth nucleus: A group of cells less affected than is usually the case, but some have an eccentric nucleus and some perinuclear chromatolysis. (x 250.) deeply; the nuclear membrane and nuclear substance are almost invisible, or only faintly visible and capable of differentiation from the rest of the cells in a large proportion of those examined. In a large number of the cells there are scattered through the cytoplasm very fine pale yellow round granules, surrounded by uniform pale blue-stained substance. These are lipochrome granules; they are stained by Scharlach, and the great majority of the cells contain some in great or less quantity. These pigmented granules are found in the cells of all old people and are not of much significance in the special pathological condition under consideration.
The changes above noted are just as marked in the deeper layer of Section of superficial layer of motor cortex stained by Ranke's method. Some excess of glia tissue is seen. (x 250.) being replaced by a fine basophile staining dust. A few of the large cells of the somatic motor nuclei have a Nissl pattern, but even these show perinuclear disappearance of the granules. The cells of the various nuclei are not equally affected. Thus the eighth nucleus shows cells exhibiting less perinuclear chromatolysis than others (vide fig. 3 ). The smaller cells show, as a rule, the greater chromatolytic change. They are often with ragged edges, or the processes are broken off (vide fig. 4 ). Still, as in the cases previously described, the bio-chemical change is a general one affecting the whole of the neurones of the central nervous system.
The other two cases (II and III) show the same general perinuclear chromatolysis. Although there does not appear to be an actual deficiency in number of the cortical cells, yet microscopic examination with an oil-immersion lens shows that none of the cells can be regarded as of normal appearance, either in the medulla oblongata or the cortex, but they are by no means all equally affected. As a rule the small cells of the cortex show more change, but this may be due to the fact that they normally contain less basophile substance. Still, examination of the large Betz cells (vide fig. 5 ) shows a striking contrast to the cells of Purkinoe (vide fig. 6 ). Many cells of the cortex and of the medulla show dendrons or dendrites broken off. The nucleus is eccentric and the basophile substance has almost disappeared in many of the cells. The satellite cells have greatly increased around these decaying neurones (vide fig. 5 ). The cortex, stained by Ranke's Victorian blue method, shows that where the nerve cells of the cortex are most affected there is an increase of neuroglia tissue; this glia hyperplasia is not equally distributed, and is most obvious in the tangential layer of the cortex (vide fig. 7 ). In Case II there is apparently hyperchromatosis of the cells of the olive, whereas other groups of small cells, such as those of the vagus and glosso-pharyngeal nuclei, show a very marked chromatolysis. Sections stained by the IHeidenhain hematoxylin method show a large number of cells stained pink instead of blue. These are the cells which by the Nissl method show a marked chromatolysis. In Case II groups of neurones in the medulla oblongata show very marked chromatolytic changes, and many cells appear to have their processes broken off (vide figs. 8 and 9). Sections stained with Victorian blue show an apparent increase of the glia tissue around these cells (vide fig. 10 ). The medulla and cortex of this were also stained by -the Bielchowsky silver m-ethod. It appeared that the superior layer of small pyramids and the large Betz cells presented the greatest degree of fibrillary change. Many of the cells of the superior pyramidal layer had entirely lost their pyramidal shape. .Still, a very marked contrast exists between the appearances presented by the cortical layer of cells in hypothyroidism and general paralysis or organic dementia (v;ide ju-21 fig. 11 ). This leads one to think that the symptoms are largely due to a lack of functional energy which may be correlated with the marked disappearance of the Nissl substance (kinetoplasm), possibly associated with a toxic condition.
SIGNIFICANCE OF THE NISSL GRANULES AND CHROMATOLYSIS IN HYPOTHYROIDISM.
The perinuclear chromatolysis found in hypothyroidism is not specific, it is met with in other toxic conditions-e.g., lead encephal- Group of cells of medulla oblongata stained by Ranke's Victorian blue method. Most of the ganglion cells are unstained except the nucleolus; the glia cells and glia fibril network show hyperplasia. Glia proliferation, however, is exceptional. ( x 300.) itis and alcoholic psychosis, and similar changes may be seen in experimental anaemia and following sections of the axis cylinder of a nerve cell. The Nissl granules of basophile substance, as I pointed out in 1900 (the Croonian Lectures, " On the Degeneration of the Neurone "), probably represent kinetoplasm, but in the living cell this kinetoplasm does not take the shape of granules forming a pattern in the cell.
Nevertheless, the amount of this basophile staining substance int the form of Nissl granules may be regarded as evidence of the amount of energy substance (neuro-potential) which the cells possessed during life.
In the healthy cell it is continually undergoing disintegration and automatic re-integration. When the cell is damaged by injury of its processes, as, for example, section of the axon, experimental anaemia, toxic conditions of the blood, or hypothyroidism, metabolic equilibrium is no longer maintained; its osmotic surface tension is altered and water passes into the cell, causing it to swell, displacing the nucleus and causing a chromatolytic appearance. The disappearance or partial disappearance of the kinetoplasm in the autonomic nuclei of the bulb, Dr. Brun and I correlated with cardiac and other bulbar symptoms FIG. 11. Section of cortical pyramidal layer (Case III). There are no signs of in. creased vascularity or diminution in the number of ganglion cells, nor is there any evidence of replacement of neural tissue by glia tissue as is the case in organic dementia or general paralysis. ( x 85.) which were observed in the two hospital cases and one asylum case that we recorded. The chromatolysis of the somatic cells may also be correlated with the slowness of utterance so characteristic of myxcedema. The marked chromatolytic changes which were observed in the cortex of the four asylum cases may be correlated with the mental confusion noted in these cases.
THE LIVING NERVE CELL AND CHROMATOLYSIS.
This basophile-staining substance which forms the Nissi granules does not exist as such in the living cells. If living cells are examined with the dark-ground microscope they are seen to be filled with small granules or globules, each of which after escaping from the cell remains discrete. They are refractile, and therefore appear bright white; this is due to a delicate covering film of a lipoid substance which encloses a colloidal fluid probably consisting of a solution of salts and cell globulin (vide fig. 12 ). Whien the cell dies this colloidal fluid is coagulated and the precipitated proteid substance is massed together into little blocks -the Nissl granules. The film that covers each globule is stained by vital methylene blue, and a living cell stained by vital blue represents the appearance of an emulsion of minute faint blue globules. If the living cell thus stained be kept in an atmosphere of nitrogen the stored oxygen is used up and a leuco-base is formed, causing the globules to lose their colour, the cell being then stained a faint green. On admission of oxygen, the living cell again becomes blue. It thus appears that we have a large oxygen surface, like spongy platinum, within the osmbtic membrane of the cell. When the cells die, the lipoid film of the globulin-containing fluid is destroyed, coagulation occurs and the Nissl granules are formed. Examination of living cells of the spinal ganglia and spinal cord of animals in which the sciatic nerve has been cut shows that the cells have imbibed water. The refractile granules are not so densely packed, they seem to be pushed aside, and the nucleus becomes eccentric in position. It would be interesting to see what is the condition of the living nerve cells in experimental hypothyroidism, as we should then be able to see whether a similar condition occurs as is produced by section of the axon. The chromatolysis observed in hypothyroidism may be explained by a toxic condition of the blood altering the osmotic membrane of the nerve cells, and thus leading to imbibition of water; or it may be explained by the absence in the blood of thyro-iodine, or some substance essential for nerve cell metabolism. Probably both factors are a causative agency, but the absence of the gland secretion is the essential factor, because it is certain that the characteristic mental and physical symptoms and signs may greatly improve by treatment with administration of thyroid gland. The work of Edmunds, carried out in my laboratory, shows that thyro-parathyroidectomy causes a chromatolysis FIG. 12. Drawing of an anterior horn cell (uppermost) with processes and two posterior spinal ganglion cells as seen by dark-ground illumination while still in the living state. (Obj. 4 mm., apochrom. oc. 4.) 70 Mott: Spontaneous Hypothyroidism in relation to Insanity of the nerve cells in dogs; his work also shows the importance of lime salts in prolonging the life of the animals.'
Asylum cases frequently show but slight physical signs of myxoedema, although the mental symptoms are marked, which affords an explanation as to why these cases have been erroneously diagnosed as alcoholic psychosis and dementia paralytica; consequently they have not been treated with the only drug that can do good. Cases should not be mistaken for general paralysis of the insane, for this disease can now always be diagnosed by the examination of the cerebrospinal fluid-an absence of lymphocytes and of a positive Wassermann reaction absolutely excludes general paralysis.
I have myself seen a case of agitated melancholia, or as it is often termed " manic-depressive insanity," and heard of several cases, with few physical indications of hypothyroidism, which occurred in women about the climacterium, deriving great benefit from administration of thyroid gland. If my observations are correct, the treatment must not be delayed until destructive neuronic changes and substitutive glia hyperplasia have occurred. Whether we regard the mental syndrome as a consequence of a toxic condition or of a sub-minimal deficiency of an essential substance, or of the two combined, the fact remains that there is at the climacterium in women a group of mental symptoms associated with definite changes in the central nervous system and hypothyroidism.
